We are interested in devising techniques which will allow us to measure and quantitate exposure to chemical carcinogens and which eventually can be used in risk analysis with humans. Our recent research with HPLC/fluorescence has demonstrated that we can detect, identify, and quantitate the binding of benzo(a)pyrene (BaP) with DNA of mouse skin. The technique not only allows femtomole amounts of BaPDE associated with DNA isolated from a single mouse skin to be detected using conventional instrumentation, but also establishes the stereochemical origin of the adduct, and has been employed in the investigation reported here to estimate the concomitant binding of BaP to hemoglobin in vivo.
Introduction
Many chemical carcinogens, among them the polycyclic aromatic hydrocarbons, have been shown to bind covalently to cellular macromolecules after they undergo metabolic activation (1) (2) (3) . Furthermore, the tumorigenic and carcinogenic activities of these compounds, and in particular benzo(a)pyrene (BaP) have been correlated with their ability to form adducts with DNA (4, 5) .
We are interested in devising techniques which will allow us to detect and quantitate exposure to chemical carcinogens and which eventually can be used in risk analysis with humans. Our recent research with HPLC/ fluorescence has demonstrated that we can detect, identify, and quantitate the binding of BaP with DNA of mouse skin (6) (7) (8) . The technique not only allows femtomole amounts of BaPDE associated with DNA isolated from a single mouse skin to be detected using conventional instrumentation, but also establishes the stereochemical origin of the adduct.
In the investigation reported here we show a correlation between the degree of adduct formation in the *Biology Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831.
DNA of the skin and the extent of alkylation of hemoglobin after exposure of the mouse to BaP.
Methodology
Sample preparation: BaP in acetone, or acetone alone, was applied topically to the dorsal skin of C3H mice. Periodically thereafter, the animals were sacrificed, the dorsal skin removed, and blood was drawn into heparinized tubes.
BaP Binding to DNA
The protocol for the estimation of BaP binding to mouse skin DNA was as follows: (1) (4) and (5) as in the DNA protocol.
Results
BaPDE-DNA Adducts Figure 1 shows typical fluorescence profiles obtained by HPLC/ODS chromatography for various materials tested. Figure 1A is the fluorescence proffle of acidhydrolyzed DNA from dorsal skin of a mouse that had acetone topically applied. No fluorescent peaks indicative of tetrols are observed. Figure 1B is the profile derived from the hydrolysis of calf thymus DNA treated in vitro with authentic anti-and syn-diol epoxides of BaP. Figure 1C is the profile of acid-hydrolyzed DNA obtained from the dorsal skin of a mouse exposed to BaP for 24 hr. guanosine adduct with respect to the total BaPDE-DNA adduct population over the time span shown in Figure 2 .
BaP Binding to DNA and Hemoglobin Figure 3 is the HPLC/fluorescence profiles of tetrols which were acid-released (A) from mouse skin 24 hr after exposure to a single topical dose of BaP, and (B) from hemoglobin isolated from RBCs of the same mouse. These data show that BaP forms adducts not only with the DNA in the target tissue, but also concomitantly with the hemoglobin. The absence of tetrols II-1 and II-2 in the HPLC/fluorescence chromatography of hemoglobin indicates that adduct formation in the RBC is almost exclusively via the anti-BaPDE metabolite of BaP.
Persistence of Anti-BaPDE-DNA Adducts
The temporal existence of BaPDE-DNA adducts in C3H mouse skin is illustrated in Figure 2 . Thirty days after a single application of BaP, a marked decrease in adducts has occurred. A small percentage of the total population of adducts continue to persist after 4 weeks with a half-life approaching 30 days. The fraction of antiBaPDE-deoxyguanosine adducts, which represents the major covalently bound deoxynucleoside (3) Similarity between Adduct Formation with DNA and Hemoglobin
The amount of adduct formation in both DNA and hemoglobin was determined in a group of mice 24 hr after being exposed topically to various concentrations of BaP. The data are plotted as the log of BaP binding observed versus the log dose of BaP applied (Fig. 4) . The striking feature of these data is the apparent parallelism of the two curves.
Discussion
It is known that topically applied carcinogens, such as PAHs, are absorbed, metabolized, and excreted by the mouse (9, 10) . In the cells of the skin at the site of application and where subsequent tumor formation occurs, metabolites of PAHs are converted to electrophilic agents which react with nucleophilic centers in nucleic acids and proteins (1-3). A good correlation has been demonstrated between the amount of BaP bound to the DNA of mouse skin and its carcinogenic activity (4, 5) . In fact, the ultimate carcinogenic form is thought to be the BaP-metabolite, anti-BaPDE, and it has been proposed that the quantitation of adduct formation of this compound with DNA be used as a measure of the "biologically effective" dose for BaP carcinogenicity (11, 12) . We have shown a correlation between the degree of adduct formation in the target organ and the extent of alkylation of hemoglobin with benzo(a)pyrene, a classical PAH.
The suitability of hemoglobin as a cellular molecule for estimating carcinogenic risk of BaP exposure (and possibly PAHs) is suggested by the data presented here. First, the interaction of BaP with hemoglobin is highly specific, and occurs, presumably, via anti-BaPDE, the same ultimate carcinogenic form of BaP which interacts with DNA in the target tissue; second, the dose response of anti-BaPDE binding to hemoglobin appears similar to that of DNA, thus reflecting the "in vivo" carcinogenic dose of BaP; third, the adduct, once formed, is easy to measure; and fourth, hemoglobin is readily available. Research 
